Purpose: To report normative data on visual acuity (VA) for near and distance, refraction, ocular alignment, ocular motility and stereo acuity in a cohort of children aged 4.5-7 years. Methods: A total of 950 children with normal development from the municipality of Roskilde, Denmark, were invited to participate in an ophthalmic cross-sectional population-based survey, of which 445 children in the age of 54-87 months participated with a complete ocular examination including cycloplegia. Visual acuity (VA) was tested using Kay Picture charts and notified in logMAR units. Results: Mean distance VA was 0.010 logMAR [standard deviation (SD): 0.048] in right eye, and near VA in right eye was 0.012 logMAR (SD: 0.054), with a nonsignificant difference between right and left eye in both parameters (paired t-test, p = 0.15 and p = 0.08, respectively). Amblyopia was found in 12 children (2.7%), mainly related to refractive errors. The mean refractive error of right eye was +1.75 D, and significant hyperopia (greater than +3.0 D) was found in 7.9%. No myopia (greater than or equal to À0.5 D) was found, astigmatism (>1 D) was seen in 4.3%. Manifest strabismus was present in 1.6%, and heterophoria in 4.0%. Reduced or absent stereo acuity was present in 35 children (7.9%) and was related to a reduced VA, refractive error and strabismus. Conclusion: Ophthalmic data of 445 normally developed children are presented, supplementing previous reported normative data in children. We found a relatively high prevalence of amblyopia and of hyperopia, while myopia was not found, confirming previous studies that myopia is not developing at early age in Danish children.
Introduction
Visual functions and ocular alignment vary from birth to adolescence along with eye growth. There are several reports describing normative values for children of different ages and ethnic backgrounds. Visual acuity (VA) seems to improve to a level above 6/6 in Snellen equivalents in children around the age of 9-10 years (Simons 1983; Gr€ onlund et al. 2006; Robaei et al. 2006; Dobson et al. 2009; Leone et al. 2014; Larsson et al. 2015) . Awareness of normative data for the specific age and ethnicity is essential when examining a child with an ophthalmologic or neurologic problem. The child's age and knowledge of letters or numbers must be taken into account before choosing standardized tests originally designed for adults. Picture charts are therefore practical for VA testing in preschool children. In Denmark, children are invited to vision screening at the general practitioner at age 3, 4 and 5 years (Danish Health Authority, 2014) and again by the school nurse during the first school year. The screening aims to assess the VA at distance, thereby ideal for finding children with, for example, myopia, amblyopia and other sight-affecting conditions. Hyperopia and astigmatism may be overlooked using this screening method, as the distance VA might be less affected.
Refractive errors are the most common aetiology of decreased vision in children, and the increasing frequency of myopia has been documented in several papers from different regions (Villarreal et al. 2000; Mayer et al. 2001; Gr€ onlund et al. 2006; Dirani et al. 2010; Larsson et al. 2015) , whereas reports from Asia document myopia development in early childhood (Dirani et al. 2010 ). In Scandinavian studies, myopia appears to develop not before the age of 10 years.
In this study, we aim to describe normative data for normally developing children from a Danish region, between the age of 4.5 and 7 years, regarding distance and near VA, ocular alignment, stereo acuity, convergence and refraction.
Materials and Methods

Subjects and survey
Children scheduled to attend school the following year, from the municipality of Roskilde, Denmark, were invited to participate, via their kindergartens, in a cross-sectional survey on the effectiveness of vision screening in children, conducted from 1 April 2015 to 31 July 2016. The vision screening results will be published separately. Sixty of the 61 kindergartens in the municipality agreed to participate. Institutions for children with special needs were not included. A total of 950 children aged 53-87 months were invited by letter, and the parents of 528 children gave informed consent of participation in the survey, from which 445 completed two examinations. The first examination was performed at kindergarten, assessing VA for distance and near and stereo acuity. The second examination was performed at the Eye Department of Zealand University Hospital, where the VA test was repeated along with assessment of stereo acuity, ocular alignment and refraction.
The study followed the Tenets of the Declaration of Helsinki and was approved by the Danish Ethical Committee for medical research (SJ-414). Written, informed consent was obtained from both parents, and oral consent was obtained from the children prior to testing.
Procedures
The first session took place in kindergarten, where an experienced optometrist (GT) performed monocular distance and near VA testing. Kay Pictures VA Chart Ò (Kay Pictures Ltd, Tring, UK) was used, designed for preschool children. A lap chart was used, if necessary. Distance testing was performed at 3 m, and near testing at 33 cm as recommended. The vision charts are designed analogue to the EDTRS chart, the finest line corresponds to 0.0 logMAR units. Crowding is taken into account in the chart. Visual acuity (VA) was noted as the finest line, where three of four symbols were recognized. Stereo acuity was evaluated using Lang II â (LangStereotest AG, K€ usnacht, Switzerland) . This test was chosen because of the young age of the children, to ensure a high rate of completion.
The second test took place at the Eye Departmentt at Zealand University Hospital, Roskilde, performed by an experienced optometrist (HW) and included cycloplegic refraction and fundus imaging. Visual acuity (VA) measurement was repeated for distance and for near. Appropriate lightning was ensured on both locations. This was followed by an assessment of ocular alignment, motility, convergence and stereo acuity. Strabismus was assessed by means of Hirschberg test and coveruncover test. Convergence was assessed by asking the child to fixate an object on the Lang fixation stick, which was moved towards the eyes. If the child was able to keep focusing while converging until 6 cm from the nose on three repeated cycles, the convergence was found to be normal. If the child was not able to keep fixating with both eyes and a visible outwards drift of one of the eyes was noted by the examiner, the child was classified as having convergence insufficiency. Cycloplegic refraction was conducted 40 min after instillation of cyclopentolate 1% twice in each eye. Refraction was measured using Retinomax Ò (Nikon Corporation, Tokyo, Japan). Fundus was imaged using Topcon 3 D OCT-2000 (Topcon Medical Systems, Oakland, NJ, USA). In doubt of any unexplained ophthalmologic findings, the children were examined by a senior paediatric ophthalmologist (LS, PM).
The parents were asked information about the child by means of a standardized questionnaire regarding general development and history of any eye problems affecting visual performance.
Statistics
Data were analysed using t-test for comparison of VA on first and second measurements, ANOVA for comparing difference of means in age groups.
Stepwise multiple regression analysis was used for assessing the influence of birthweight, gestational age, gender and age at examination. SPSS vs. 24.0 (IBM Corporation, Armonk, NY, US) was used for statistical calculations.
Results
Visual acuity and amblyopia
A total of 445 children completed two VA screenings and cycloplegic refraction. Mean age was 68 months [53-87 months, standard deviation (SD): 6.2], 52% were male, 48% female. Eighty-seven percentage were of Caucasian descent, 4% originated from the Middle East, 1% from other countries and 8% were mixed or unknown descent, the proportions reflecting the Danish population in general (Statistics Denmark, 2016a) . Thirty-four children were born before gestational age of 37 weeks (7.6%), of which four children were born before gestational age of 28 weeks (0.9%).
Overall mean distance VA was 0.010 (SD: 0.048) in right eye and 0.015 (SD: 0.071) in left eye at the second test, while overall near VA in right eye was 0.012 (SD: 0.054) and in left eye 0.008 (SD: 0.039) in the second test (Table 1 ). The differences between right and left eyes were nonsignificant (paired t-test, p = 0.15 and p = 0.08, respectively) and with a significant improvement on second testing in both eyes (paired t-test, p < 0.0001). Fifteen children (3.4%) had glasses prescribed prior to the study and were examined with correction. Otherwise, VA was examined without any refractive correction. Mean ( Stepwise multiple regression analysis was performed for all children (n = 445) for distance and near VA to reveal any correlation with gender, gestational age, birthweight, age at examination and spherical equivalent. A weak positive correlation was found between distance VA and the spherical equivalent (r 2 = 0.075, p < 0.001), while the near VA had a weak positive correlation with the spherical equivalent (r 2 = 0.095, p < 0.001) and the gestational age (r 2 = 0.120, p = 0.001). Amblyopia (defined as at least two lines of differences between the eyes, and/or VA worse than 0.3 logMAR (3/6 Snellen equivalent) was found in 12 children (2.7%) at the second testing. Ten of these had a significant refractive error and one had esotropia. One child had otherwise a normal eye examination.
Refractive errors
Mean and median spherical equivalent and astigmatism are presented in Table 1 . The spherical equivalent was slightly smaller in left eye compared to right (paired t-test, p = 0.04), the spherical equivalent of right eyes is presented in Fig. 1 , showing an approximate normal distribution.
Stepwise multiple regression analysis was performed to reveal any correlation with gestational age, birthweight and age at examination. A weak negative correlation with gestational age (r 2 = 0.019, p = 0.002) and with age at examination (r 2 = 0.031, p = 0.024) was found, see Table 2 .
A total of 123 children had hyperopia greater than +2.0 D in one or both eyes (27.6%), of which 35 children (7.9%) had hyperopia greater than +3.0 D in at least one eye. None was found to be myopic (less than À0.5 D).
Significant astigmatism (>1.0 cyl D) was found in at least one eye in 19 children (4.3%) and in both eyes in eight children (1.8%); the axes of astigmatism are presented in Table 3 . One child had astigmatism (≥2 cyl D) in both eyes, and three children had high astigmatism in one or both eyes (0.7%). Anisometropia ≥1 D was found in 14 children (3.1%), while anisometropia ≥ 2 D was found in two (0.4%). Glasses were prescribed due to newly found or a change in pre-existing refractive error in 38 cases (8.5%).
Ocular alignment, motility, convergence and stereo acuity Strabismus was found in seven children (1.6%), six with esotropia (of which three were hyperopic greater than +3.0 D) and one with exotropia (emmetropic). One of the hyperopic esotropic children had amblyopia; the rest of the strabismic children did not have any amblyopia. Convergence insufficiency was found in 45 children (10.1%) and was positively correlated with the spherical equivalent (r 2 = 0.024, p = 0.013), but not with distance or near VA. Two children had immature eye movements. Manifest or latent nystagmus other than end-point nystagmus was not found.
Stereo acuity was assessed using Lang II, which is a simple test, aimed for screening purposes. A total of 439 children were able to perform the test (99%), of which 404 children had full stereopsis (200″), while 23 children (5.2%) only identified the figures partly, and in 12 children (2.7%), no stereopsis was detected. Absent or reduced stereopsis was positively related to significant refractive errors, strabismus and reduced VA in one or both eyes (ANOVA, p < 0.001).
Discussion
In this paper, we report normative ophthalmologic data of 445 Danish children aged 4.5-7 years. The municipality of astigm = astigmatism, conv.insuff. = convergence insufficiency, n = number in each age group, mean VA = mean visual acuity at distance (logMAR), od = right eye, os = left eye, SD = standard deviation, sph eq = spherical equivalent.
Roskilde overall has a medium-to-high socioeconomic status compared with other municipalities in Denmark (Statistics Denmark, 2016b) . The ethnic constellation of the study group is comparable with the Danish population of this age group in general (Statistics Denmark, 2016a). We obtained a participation rate of 47%, and with respect to participation rate and ethnic constellation found the study group representative of the Danish population.
There are several Scandinavian population-based studies on ophthalmologic data of normally developed children (Table 4) , but only few data describing the age group were analysed in the present study (Gr€ onlund et al. 2006 : 77 children in the age 4-9 years, Fledelius et al. 2015 : 56 children aged 4 years).
Distance VA of 0.0 (logMAR) in the better eye was found in 97.5% in the second test in the present study, a higher prevalence than in the study of Gr€ onlund et al. (60% in the 4-to 6-year-old and 93% in the 7-to 9-yearold children). The difference may be explained by choice of test material; in the present study, picture charts were used, while the Swedish study used letter charts. The difference in first and second VA test in the present study implies that for screening purposes, it would be beneficial to repeat a VA test, if a child presents a subnormal result. The finest line of Kay Picture chart is 0.0 logMAR. With the high number of children in the present study completing this line, it is expected that a significant proportion has an ever better VA, thus for describing normative data on VA for this age group, the Kay Picture chart is not ideal. For screening purposes, it seems ideal for children, where their literary levels are in doubt.
In the present study, we found VA to be reduced only where refractive errors and/or amblyopia were present. We found no cases of visually impaired children, which could be expected, considering the number of children included and a prevalence of visual impairment in Scandinavia of 0.05-0.16% (Riise et al. 1992; Blohm e & Tornqvist 1997; Rudanko & Laatikainen 2004; Jensen 2015) . However, the present study includes 445 of 950 children, invited via kindergarten, and no children attending institutions for children with special needs. We have only sparse information of the children that did not attend the study, but from the kindergartens, we could gather overall information about the children not attending. We found no information on children being visually impaired. According to the yearly report on visual impairment in Denmark, 59% of the children with visual impairment has other impairments as well, predominantly developmental delay (Jensen 2015) . Thus, we cannot completely exclude the possibility that a few children with visual impairment could be found in the nonparticipant group, but the probability is low.
Overall, distance and near VA were correlated with the spherical equivalent as could be expected. We could not demonstrate a positive correlation with age as seen in other studies (Simons 1983; Gr€ onlund et al. 2006; Robaei et al. 2006; Dobson et al. 2009; Pan et al. 2009; Leone et al. 2014; Larsson et al. 2015) . This is partly due to the limited age range in the cohort and partly due to the test chart used.
Analysing the refractive errors showed no incidence of myopia and a prevalence of hyperopia above The American study of Mayer et al. (2001) showed a decrease in spherical equivalent in 1-to 48-month-old children, with a mean spherical equivalent of +1.13 D of the 48-month-old children. The study of Larsson et al. (2015) found a prevalence of hyperopia of greater than or equal to +2.0 D in 10-year-old children of 3.6%, and a mean spherical equivalent of +0.64 D and +0.67 D in right and left eye, respectively. In the present material, we found a prevalence of hyperopia greater than +2.0 D of 27.6%. In the study of Gr€ onlund et al. (2006) , the mean spherical equivalent was approximately +1.3 D in the age group of 4-to 6-year-old children, and Fledelius et al. (2015) found a mean spherical equivalent in full term 4-yearolds of +1.29 D. We found the mean refractive error to be even higher (+1.75 D in right eyes), with a weak negative correlation to age, confirming the continuing emmetropization process. The lack of myopic children is in contrast to the study by Villarreal et al., who found a very high prevalence of myopia in Swedish 12-to 13-year-olds of 49.7%. This may be explained by differences in protocols; in the present study, cyclopentolate was used for obtaining a cycloplegic measurement, while in the Swedish study, tropicamide was applied, and it is possible that the Swedish children had some remaining accommodation despite a good dilatation of the pupils. The study of Larsson et al. (2015) showed a prevalence of myopia in the 10-year-olds of 7.8%, while Gr€ onlund et al. (2006) did not find any myopic children younger than 10 years of age. Fledelius (2000) found the debut of myopia in Danish medical students to be after the age of 6 years, which was confirmed in the more recent study from 2015, where Fledelius and co-workers found no cases of myopia among 56 4-year-olds. These results correspond well with the present study. Our results and the above mentioned indicate that the increasing prevalence of myopia seen in very young children in Singapore (Dirani et al. 2010 ) is not found in Danish children, and the age of debut seems to be unchanged through the last decades.
Astigmatism (>1 cyl D) was found in 4.3% of the children, a prevalence in accordance with the study of Larsson et al. (2015) in Swedish children. The axes of astigmatism were predominantly 'with the rule' or 'oblique' in accordance with the study of Montes-Mico (2000) , who found astigmatism in Spanish 2-year-olds predominantly 'against the rule', changing to 'with the rule' at the age of 12 years. Our participants were in between these ages, and thus, the findings are in accordance with an agerelated change of axes. In Hong Kong children, Leung et al. (2012) found that 3-to 10-year-olds predominantly have 'with the rule' axes of their astigmatism.
Anisometropia was found in 3.1%, similar with the findings in Kvarnstr€ om et al.'s Swedish study from 2001 (2.9%). In Singaporean children, the prevalence of anisometropia of at least 2 D was 0.6% (Dirani et al. 2010) , comparable with our findings of 0.4%.
Strabismus was found in seven children (1.6%), predominantly esotropia, corresponding with the studies of Kvarnstr€ om et al. (2001) and Gr€ onlund et al. (2006) . As could be expected, esotropia was related to hyperopia in three of six cases. The Lang II stereotest was selected because of the age of the children, to ensure a high number of children able to complete the test. Ninety-nine percentage of the children were able to comprehend the test. Reduced or lack of stereopsis was strongly correlated to decreased VA, refractive error and strabismus as expected, while there was no correlation to convergence insufficiency. The higher prevalence of convergence insufficiency in the youngest children (16%) compared to the older children (8-9%) might be explained by lack of concentration or poor comprehension of the test.
To conclude, we have presented normative data of distance and near VA, refractive errors, strabismus, eye motility and stereo acuity in 445 Danish children in the age of 4.5-7 years. The study revealed data comparable with other Scandinavian studies with respect to VA, strabismus and stereopsis, but showed a higher prevalence of hyperopia than is usually found. Further, we found no evidence of early myopinization as has been demonstrated in other parts of the world.
